Objective: To evaluate the effects of water versus beverages sweetened with non-nutritive sweeteners (NNS) on body weight in subjects enrolled in a year-long behavioral weight loss treatment program. Methods: The study used a randomized equivalence design with NNS or water beverages as the main factor in a trial among 303 weight-stable people with overweight and obesity. All participants participated in a weight loss program plus assignment to consume 24 ounces (710 ml) of water or NNS beverages daily for 1 year. Results: NNS and water treatments were non-equivalent, with NNS treatment showing greater weight loss at the end of 1 year. At 1 year subjects receiving water had maintained a 2.45 6 5.59 kg weight loss while those receiving NNS beverages maintained a loss of 6.21 6 7.65 kg (P < 0.001 for difference). Conclusions: Water and NNS beverages were not equivalent for weight loss and maintenance during a 1-year behavioral treatment program. NNS beverages were superior for weight loss and weight maintenance in a population consisting of regular users of NNS beverages who either maintained or discontinued consumption of these beverages and consumed water during a structured weight loss program. These results suggest that NNS beverages can be an effective tool for weight loss and maintenance within the context of a weight management program.
Introduction
There is continued controversy regarding the potential benefit of non-nutritive sweeteners (NNS) for body weight management (1) (2) (3) (4) (5) (6) (7) . Some observational studies have reported a positive association between NNS consumption and BMI and weight gain over time (1, 2, 8) , questioning the benefit of NNS for weight management. Observational studies, however, are unable to establish cause and effect. Randomized trials comparing foods and beverages sweetened with NNS versus caloric sweeteners have generally found that risk of weight gain is reduced among subjects consuming NNS (9) (10) (11) . There have been relatively few long-term (1 year) randomized trials of NNS for weight loss and maintenance (12) (13) (14) . In particular, there have been few studies comparing beverages sweetened with NNS to water (13, 15, 16) , which is the recommended beverage for maintaining good health (17, 18) .
Because of the relative paucity of data examining the long-term effects of NNS consumption on body weight management, the 2015 Dietary Guidelines Advisory Committee recently concluded that there is insufficient evidence to recommend the use of low-calorie sweeteners as a strategy for long-term weight loss and weight maintenance (17) . The Committee recommended that further prospective research was needed to establish the effects of low-calorie sweeteners on body weight and other health outcomes.
This article reports data from a year-long trial comparing beverages sweetened with NNS to water as part of a behavioral weight management program consisting of 12 weeks of active weight loss and 40 weeks of weight maintenance. Results from the 12-week weight loss phase of this trial were published previously and showed nonequivalence, with the NNS group showing greater weight loss at 12 weeks than the water group (19) .
Methods Participants
Blue Chip Recruiting (www.bluechiprecruiting.ca) recruited participants from the general population through the use of flyers, e-mails, and other advertisements (e.g., radio). Of the 506 applicants screened, 308 subjects were enrolled in the trial between October 2012 and April 2013 at The University of Colorado Denver (n 5 151, in four cohorts) and Temple University (n 5 157, in five cohorts), see Figure 1 . Participants were male and female, ages 21 to 65, BMI 27 to 40 kg/m 2 , representing a range of races and ethnicities (Table 1) . Of the 308 participants enrolled, five withdrew from the trial prior to the start of the study; 303 participants began treatment. There were no significant differences in attrition by site. Individuals were initially screened over the phone or through an online application and potentially eligible subjects were then screened in person. Eligibility requirements included being weight stable within 10 pounds during the past 6 months, participating in no more than 300 min of physical activity weekly, drinking NNS beverages at least three times per week, and be willing to discontinue NNS beverages if randomized to the water group. Regular NNS users were chosen to ensure exposure to NNS during the trial as many people do not like the taste of NNS and selecting non-users could limit intake reducing the ability to detect effects of NNS beverages on body weight regulation. Women who were lactating or pregnant during the previous 6 months or who were planning on becoming pregnant were excluded. Individuals with diabetes, CVD, and uncontrolled hypertension (as well as other diseases potentially interfering with weight loss, e.g., gastrointestinal or thyroid disease) or who used medications affecting weight and metabolism were excluded. Eligible participants required physician approval stating that the nutrition and exercise requirements were not contraindicated and that they were in good general health.
The study was approved by the Temple University IRB and the Western IRB at the University of Colorado site. All participants provided informed consent.
Study design
This was a 1-year equivalence trial comparing beverages sweetened with NNS to water as part of a behavioral weight management program that included 12 weeks of weight loss followed by 40 weeks of weight maintenance. A computer-generated randomization schedule assigned participants, within each site, to either the NNS beverage or water treatment arms stratified by sex, to ensure an equal distribution of women and men in each treatment group.
The study protocol specified preplanned data analyses on the primary outcome of weight loss at 12 weeks (weight loss period) and at the end of 1 year (weight loss maintenance period).
Intervention
Weight loss. For the 12-week weight loss intervention, all participants received a comprehensive cognitive-behavioral weight loss intervention called The Colorado Weigh (20) involving weekly, 60-min instructional classes. Additional details regarding The Colorado Weigh classes and the weight loss intervention are described elsewhere (19) .
Weight loss maintenance. All participants attended nine monthly, 60-min group meetings led by registered dieticians or clinical psychologists as part of The Colorado Weigh (20) . Participants attended group meetings stratified by treatment (NNS or water) group. Participants were weighed at each monthly meeting. Participants were advised to consume 25% to 35% of calories from fat (using a fat gram counter and total calorie guidebook) and to include 6 days of unsupervised exercise per week in order to meet the weight loss maintenance recommendation of 60 min of moderate activity daily (21) . Participants in both treatment groups received the same curriculum, with the only difference being discussion regarding the type of beverages they were instructed to consume. Adherence to the treatment was assessed by study dietitians based on food, beverage, and physical activity logs as well as monitoring weight loss.
Daily energy intake targets were individualized and calculated as each participant's estimated resting metabolic rate (RMR) 3 1.6 physical activity level (PAL). Energy intake targets were adjusted to maintain weight based on each individual's PAL. Physical activity was assessed using a Body Media armband activity tracking device (Manufacturer: Body Media, Model AB155) for 1 week at baseline and during weeks 4, 12, 24, 36, and 52.
NNS beverage group. Participants randomized to the NNS beverage group were asked to consume at least 24 fluid ounces (710 ml) of NNS beverages per day during the entire year-long trial, with unrestricted water consumption. Premixed beverages containing <5 kcal per 8 ounce serving (237 ml) and containing NNS qualified as NNS beverages.
Water group. Participants randomized to the water group were asked to consume at least 24 fluid ounces (710 ml) of water per day during the entire year-long trial and to refrain from NNS beverage consumption. They were instructed to not add NNS (e.g., aspartame-NutraSweet V R or Equal V R ; sucralose-Splenda V R ; or steviaTruvia V R ; as well as diet creamers) to beverages such as coffee or tea. However, they were permitted to consume foods containing NNS (e.g., artificially sweetened gum, candies, cookies, gelatin, pudding, ice cream, yogurt), although they were not instructed to do so as part of the weight loss program.
Participants were given four manufacturer coupons monthly (from The Coca-Cola Company, PepsiCo and Dr. Pepper Snapple Group), redeemable for a monthly supply of NNS beverages or bottled water. Participants were asked to record their daily beverage intake using paper logs. This information was used to assess treatment adherence. While all participants were encouraged to consume only non-caloric beverages as part of the behavioral treatment program, they were allowed to consume any beverages as long as they remained compliant with their required intake of either 24 ounces of NNS beverages or 24 ounces of water daily. 
Measurements
All assessments, except for height, were conducted at baseline, 12 weeks (post-weight loss phase) and 52 weeks (post-weight loss maintenance phase). Height was measured to the nearest 0.1 cm at the screening visit prior to baseline and at 52 weeks with a wallmounted stadiometer. Body weight was measured to the nearest 0.1 kg on a digital scale. Waist circumference, measured at the top of the iliac crest, was determined based on two consecutive measures within 0.5 cm. Blood pressure (while seated) was recorded as the average of two measures. Standard venipuncture method was used to collect fasting blood samples for lipid and glucose measurements. Urine was provided for measurement of urine osmolality. Additional methodological details are described elsewhere (19) .
Participants completed questionnaires at baseline and at 12, 24, 36, and 52 weeks to assess changes in perceived hunger (using a 100 mm visual analog scale anchored at "not at all hungry" and "extremely hungry"). Beverage treatment adherence was determined from daily beverage logs collected monthly. Participants were compensated at intervals for meeting assessment requirements at weeks 12, 24, 36, and 52 (total compensation 5 $340).
Power of the study. The primary outcome addressed in this report is the change in body weight during the 1-year trial. The study was designed as an equivalence trial with the hypothesis that there would be no clinically meaningful difference in weight between those consuming NNS beverages or water. The bounds of equivalence for between-group differences at 1 year of weight loss were pre-specified at 62.2 kg. Assuming the true difference was 0.73 kg (1/3 of the equivalence margin) and common SD of 4.2 kg, a sample size of 63 per arm was required using two, one-sided ttests to ensure at least 80% power with an alpha level of P < 0.05 to establish equivalence.
Statistical analysis. Intention-to-treat (baseline observation carried forward (BOCF)) was the primary analysis used for assessing weight loss using monthly body weights as the dependent variable.
In a secondary analysis we only examined participants who completed the entire 1-year trial. The primary outcome measure was change in body weight over the 1-year period.
The primary hypothesis was that NNS beverage and water treatments would be equivalent with upper and lower bounds of equivalence set at 62.2 kg. The value chosen for body weight difference would not be clinically meaningful. The mean and the upper and lower 90% confidence limits for the difference in weight loss maintenance between the treatment groups would have to be within 62.2 kg in order to be considered equivalent. Other weight-related outcomes analyzed included weight change from the point of maximum weight loss until the end of 1 year and the percentage of participants who lost at least 5% of total body weight after 1 year. A sensitivity analysis for weight loss differences between treatment groups was conducted using several methods: a linear mixed model, multiple imputation, ANCOVA and two independent t-tests (or v 2 when appropriate). All methods showed consistent results. Reported here are the t-test results (two one-sided t-tests; the standard approach for evaluating equivalence (22) ) and 90% confidence intervals. This model yielded the most conservative result (i.e., least likely to show a difference) among those tested in the sensitivity analysis. Linear mixed effects models were used to analyze secondary outcomes (waist circumference, systolic blood pressure, blood measures, urine osmolality, hunger, and physical activity) which consisted of classification variables of time (baseline, 52 weeks), group (NNS or water) and their interaction term as fixed effects and compound symmetry covariance. Within-and between-group contrasts were tested under this model. Between-site outcomes were also tested.
Results
Of the 303 subjects who began treatment, 222 or 73% completed the 1-year trial. Compliance with the beverage consumption prescription at 52 weeks (24 ounces/day of NNS beverages or water) was high based on beverage logs: 98.1% and 97.8% in the NNS and water groups, respectively. Partial compliance (consumption of >0 and <24 ounces/day of water or NNS beverages) was 0.7% and 0.9% for the NNS and water groups, respectively, and non-compliance (consumption of 0 ounces/day) was 1.2% and 1.3% for the NNS and water groups, respectively. These values represent the mean percentage of total study days subjects met the different compliance criteria. Participants in the water and NNS groups attended 84.5 6 23.7% (SD) and 85.1 6 23.1% of the instructional sessions, respectively. The means were not different (P 5 0.8262). Baseline observation carried forward analysis includes all those participants who dropped out of the study in the analysis. This analysis mimics the clinical setting. Completer analysis includes only participants who completed 52 weeks of the trial. Although equivalence cannot be established, participants lost more weight in the non-nutritive sweetener (NNS) group as compared to the water group. All analyses were completed using a Sattherwaite two-sample t-test. All values are mean 6 SD unless otherwise noted. Statistically significant values (P < 0.05) are shown by an asterisk (*) and statistically significant P values are shown in bold.
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Water and NNS treatments were non-equivalent in this trial. Results using the Sattherwaite two-sample t-test showed the NNS treatment was superior to water for weight loss at both 12 weeks (19) and 1 year. Subjects in both treatment groups achieved and maintained significant weight loss over the 1-year trial (Table 2 shows BOCF and completer analysis). Maximum mean weight loss occurred at week 20 in the water group (5.5 kg) and at week 28 in the NNS group (8.6 kg) (Figure 2a ). Both groups regained weight after reaching the maximum weight loss although the rate of gain was significantly less (P < 0.001) for the NNS group (Figure 2b ), which also met the weight maintenance definition of less than 3% weight regain (23) . Nearly 19% more subjects in the NNS group lost at least 5% of their body weight from baseline to week 52 compared to the water group (Figure 3 ). There were no significant between-site differences in weight loss or weight maintenance outcomes (P 5 0.4452).
Treatment related effects on blood chemistries, subjective hunger, and physical activity time are shown in Table 3 . Waist circumference decreased in both groups with the NNS group losing significantly more girth compared to the water group. Systolic blood pressure was reduced at 52 weeks in the NNS group and was significantly different than in the water group which saw no change from baseline. Both groups experienced significant declines in total cholesterol, LDL cholesterol and triglycerides and increases in HDL cholesterol as a function of weight loss although the difference between groups was only significant for triglycerides (P < 0.001). Urinary osmolality did not change with treatment and was not different between groups. Subjects in the water group reported feeling significantly more hungry at 52 weeks compared to baseline which was different than the NNS group which reported no increase in subjective hunger. Total amount of time spent engaging in moderate and vigorous activity increased similarly for both treatments over the year. 
Discussion
This 1-year randomized clinical trial provides evidence that NNS beverages may be an effective tool to aid in weight loss and maintenance, among regular users of NNS beverages, when used as part of a behavioral weight loss treatment program. In this equivalence trial design, when compared to the most commonly recommended beverage for good health, water (17, 18) , NNS beverages were shown to be non-equivalent and were superior for both weight loss (19) and maintenance. These findings are important as there continues to be uncertainty about the benefit of NNS for weight management based largely on observational studies showing associations between NNS consumption, obesity and weight gain (1,2,8 ). In addition, it has been suggested, based on some animal studies, that NNS promote obesity by interfering with normal mechanisms of energy balance through dissociating the link between sweet taste and metabolizable energy (3, 24) . Results of the present trial are not consistent with the findings from observational studies in humans or studies in animals.
The present results are consistent with the few other published longterm human trials that evaluated NNS for weight loss (12, 15) . In a prospective randomized trial, Blackburn et al. found that people with obesity in a weight loss program using NNS food and beverage products lost more weight and maintained a greater weight loss over 2 years compared to subjects not using NNS (12). Tate et al. (2012) conducted a 6-month randomized trial in people with obesity and found greater weight loss over 6 months and a greater likelihood of achieving a 5% weight loss in participants drinking beverages with NNS compared with participants in an attention control group. There was no difference in the likelihood of achieving a 5% weight loss between participants in the water group versus the control or between the water group versus the NNS group. Observational data from subjects in the National Weight Control Registry indicate that NNS beverages and foods are commonly used as tools to help maintain weight loss among individuals who maintained a weight loss of at least 30 pounds for at least 1 year (25, 26) .
The reason for the difference between results from randomized trials and observational studies in humans cannot be determined from these data. It is possible that results from observational studies are due to reverse causality whereby overweight individuals may choose to consume NNS beverages to reduce their risk of weight gain (9, 27) . Alternatively, residual confounding may be an issue in cases where insufficient factors about subject characteristics and behaviors were adjusted for in the data analysis (27, 28) . Furthermore, there may be differences in cognitive behavior between subjects in our study and free living subjects not enrolled in a weight loss program regarding how they use NNS beverages in the context of their diet. In the present study, subjects were in a program designed to teach them healthy behaviors that promote weight loss and maintenance. The observational studies included all users of NNS regardless of participation in any formal weight loss program (10) . It is plausible that the effects of NNS on weight loss might be greater when people are actively trying to lose weight in a formal behavior change program compared to when NNS are simply used as a dietary substitute for regular sugar. For example, some people (e.g., those not intentionally focused on losing weight) might cognitively compensate for the absence of energy in the NNS beverages by intentionally consuming more solid food (11) which would mitigate weight loss.
It is not possible from the present data to explain why the NNS group lost more weight than the water group despite receiving identical weight loss instruction and beverage interventions that both contained zero calories. Physical activity was measured objectively and was not different between treatments. Both groups increased moderate and vigorous physical activity to the same extent over the course of the study as measured by arm band accelerometers. Caffeine intake was not different between treatments such that potential effects on resting energy expenditure of caffeine withdrawal among participants in the water group cannot explain the smaller weight loss observed in that group. Subjects in the water group did, however, report increased hunger relative to the NNS group which reported no increase in hunger from baseline, consistent with previous data from short-term studies (29) . It is possible that, in the water group, limiting access to sweetness in beverages may have promoted a desire to seek sweetness from other aspects of the diet, perhaps to achieve some "reward homeostasis" (30) , thereby leading them to consume more sweet foods (31) resulting in greater energy intake and less weight loss. In addition, subjects in the water group were asked to make two changes in their drinking habits, both cessation of NNS consumption and increasing water consumption, which potentially presented a larger behavioral challenge than the NNS group that only had to adhere to twice daily consumption of NNS beverages. Greater weight loss among NNS users in the present study argues against effects of NNS to stimulate consumption of sweet foods or high-energy foods (as has been suggested (1)) compared to the effects of water. Other studies have also found no increase in consumption of sweet foods among consumers of NNS (32, 33) . Treatment effects on blood lipids were consistent with those expected based on the degree of weight loss for each group. A recent report has suggested that NNS may adversely affect gut microflora in a way that impairs glucose tolerance and promotes diabetes (34) . In the present study there was no change in fasting blood glucose after 52 weeks of NNS consumption. There were also no between group differences in fasting blood glucose and values were in the clinically normal range for both treatment groups. These results do not support the notion that NNS hinders weight loss by disrupting normal appetite regulation and glucose homeostasis (3, 24, 34) , at least within the context of a yearlong weight loss program.
This study has some limitations. First, only people with overweight and obesity who were regular NNS beverage users were studied and the effects in normal weight and NNS-na€ ıve subjects may be different. Second, subjects were actively trying to lose weight using a formal behavior management program and therefore may not represent effects on weight in people not enrolled in such a program.
Conclusion
In conclusion, among participants enrolled in a comprehensive weight loss program, regular users of NNS beverages who were asked to consume NNS beverages lost significantly more weight, and maintained significantly greater weight losses, over 1 year than subjects asked to stop NNS beverage consumption and consume water alone. These results provide support for the use of NNS beverages as a tool to help with weight loss and maintenance.O
